In 1909 Jackson presented his tracheotomy technique to the Eastern Section of the American Laryngological, Rhinological and Otological Society. [1] His technique would become the foundation of the tracheostomy, a procedure that would ultimately become widely utilized during the polio epidemic of the early 1900s. [2] In modern surgical practice, Jackson's open tracheostomy is still used but percutaneous dilatational tracheostomy (PDT) is now also a common method. First described by Ciaglia in 1985, [3] PDT has now become widely accepted due to its relative ease, low cost, and low complication profile. [4] Initially developed as a technique to primarily relieve upper airway obstruction, in current medical practice, tracheostomy now plays a role primarily in those patients requiring prolonged mechanical ventilation for interstitial inflammatory processes. The indications for tracheostomy are varied; however, the most common indications are adult respiratory distress syndrome and atrophy of the respiratory musculature such as in traumatic brain injury and spinal cord injury. In appropriately selected patients, tracheostomy will improve quality of life and patient comfort. [5] [6] [7] [8] This is in part due to a decreased need for sedation and analgesia and earlier mobility. [6, 7, 9, 10] The clinical benefits of tracheostomy are thought to be realized because of altered airway mechanics including decreased work of breathing and decreased airway resistances. [11, 12] In their study effect of tracheostomy on work of breathing: Comparison of pre-and post-decannulation, Villalba et al. seek to address the question of work of breathing (WOB) as it is affected by tracheostomy. Although the idea that tracheostomy and endotracheal intubation impacts the WOB is certainly not novel, controversy exists in the literature as to the extent of the effect and how WOB varies by tracheostomy size. [11, 13, 14] The authors of this article studied WOB in 8 patients during the decannulation process at an LTAC facility and compared WOB in 4 distinct circumstances. Consecutive patients that qualified the decannulation protocol of the LTAC facility were included in the study. WOB measurements were taken using an esophageal balloon and a flow sensor attached to either an oro-nasal mask or the tracheostomy itself. The investigators studied WOB in: (1) Patients breathing through the tracheostomy with an inflated cuff (2) through the upper airway with a deflated and occluded tracheostomy (3) through the upper airway with a cuffless tracheostomy and (4) decannulated with an occlusive dressing over the stoma.
Similarly to Chadda et al., [14] the authors found that bypassing the upper airway with a tracheostomy decreases the work of breathing. The authors concluded that decannulation, restoring a patient's normal airway anatomy, increases WOB. The role of the anatomical dead space in the upper airway is controversial. The intuitive conclusion is that restoring the upper airway increases anatomic dead space, but this has been challenged by Joseph et al. [15] who concluded that there is no decrease in dead space ventilation following tracheostomy. What is much more likely is that intrinsic "PEEP" generation from upper airway resistance after decannulation is likely the major contributor to this increased WOB.
The recognition of the changes in WOB is important, but understanding its impact on patient outcome is of much greater importance. Thinking purely in terms of WOB, in patients with compromised gas exchange and deconditioned respiratory muscles, early tracheostomy placement be of benefit by decreasing the amount of support needed from the ventilator. The timing of tracheostomy, early versus late, has been one of the most controversial topics when taking care of a patient with acute respiratory failure requiring prolonged intubation. As such, tracheostomy timing has been the focus of several large randomized controlled trials and meta-analyses. An analysis of 109 ICUs found that the median tracheostomy time is 9 days. [16] Three other, large, recent, and well-designed studies have contributed greatly to clinical knowledge regarding tracheostomy timing. Terragni et al. randomized 419 patients to tracheostomy following either 6-8 days (early) or 13-15 days (late) of mechanical ventilation. Early tracheostomy had no effect on the prevalence of pneumonia. Early tracheostomy did however, shorten duration on the ventilator, and decrease ICU length of stay. [10] was associated with less sedation, less antipsychotics and increased mobility. [7] Most recently in 2013, The TracMan Randomized Trial in the United Kingdom randomized patients to early tracheostomy (1-4 days) or late tracheostomy (>10 days). The investigators found no difference in mortality or ICU and hospital LOS. [17] Taken together, these trials demonstrate that early tracheostomy may not decrease infectious complications or decrease mortality but may have positive effects on ventilator dependence duration, sedation and ICU LOS. The current work of Villalba et al. further supports this notion under the guise of decreased WOB.
On the back end, at time of decannulation, WOB considerations are equally as important. Restoration of the upper airway resistance, or intrinsic peep, is important to consider. In clinical practice, decannulation often appears to be an afterthought and perhaps should be revisited more aggressively as patients recover from critical illness. Although patients may be comfortable on trach-collar, breathing mechanics are undoubtedly altered as patients take rapid shallow breaths and tidal volumes that are almost half the size of decannulated patients as displayed in Figure 1 of Villalba et al.'s article. The immediate increase in WOB associated with decannulation can then decrease exercise tolerance in rehabilitating patients. Recognizing patients who may potentially be unable to compensate for the extra effort needed to overcome the additional WOB is important.
With this recognized increased WOB secondary to decannulation, another important consideration is the subpopulation of patients who develop subglottic stenosis. Since PDT has gained widespread acceptance, many positive benefits have been found but also a suggested rise in the incidence of subglottic stenosis. [18] A Cochrane Database analysis in 2016 identified 20 randomized-controlled trials from 1990 to 2011 with over 1600 patients. They concluded that there were non-significant but positive benefits of PDT for both mortality and serious adverse events. [19] A second meta-analysis by Delaney et al. found that PDT reduces the rate of wound infection and may reduce bleeding and mortality. [4] Beyond the clinical advantages of PDT, the procedure has been found to be more cost-effective when performed in the ICU and the duration of the procedure shorter. [20] However, the incidence of subglottic stenosis following PDT may be higher than open tracheostomy placement. In a single case series reported by Koitschev et al. in 2006 , of 146 patients, the incidence of severe stenosis (>50% of the lumen) was 23.8% for PDT and 7.3% for surgical tracheostomy. [21] Further study is certainly needed to validate or disprove this suggestion but for now, WOB in the face of potential tracheal stenosis, regardless of tracheostomy method used, must be considered.
This current article by Villalba et al., should drive practitioners to specifically consider the increased WOB following decannulation and might even suggest that some sort of prognosticating test or readiness for increased WOB be devised. For the common practitioner, this article highlights perhaps the importance of capping trials prior to decannulation to demonstrate tolerance to the changes in airway anatomy. It would be interesting to repeat this current study and methodology to measure WOB in a subset of patients with identified subglottic stenosis to quantify how much, if any, it may contribute to respiratory mechanics. Although the vast majority of these patients are asymptomatic, even small changes in airway sizes, differences in tracheostomy tubes, and or the presence or absence of a cuff will influence WOB. These findings could additionally prompt clinicians to aggressively downsized patients with tracheostomy tubes in order to gradually increase their WOB in a systematic fashion.
The debate regarding tracheostomy timing will likely continue, but this study highlights the impact of tracheostomy on basic pulmonary mechanics. Early downsizing and decannulation protocols with restoration of normal respiratory anatomy must be considered in light of WOB. This paper underscores the importance of identifying or ruling out significant contributors to upper airway resistance prior to decannulation. Although the role of anatomic dead space and intrinsic PEEP as it relates to WOB is not entirely clear, the work of Vallalba et al. clearly demonstrates how simple changes in airway resistances can dramatically affect WOB. A quantitative bedside test in a patient with a capped tracheostomy may be helpful in prognosticating successful decannulation and should be the focus of future studies. 
